Abstract: Two minor taxane glycosides were isolated for the first time from the needles of Taxus canadensis. Their structures were characterized as 2α,5α-diacetoxy-10β-(6′-O-acetyl-β-d-glucopyranosyl)oxy-14β-[(2′R,3′S)-3′-hydroxy-2′-methylbutanoyl]oxytaxa-4(20),11-diene (1) and 2α,14β-diacetoxy-10β-(β-d-glucopyranosyl)oxytaxa-4(20),11-dien-5β-ol (2) on the basis of 1D and 2D NMR data analysis and confirmed by high-resolution fast atom bombardment mass spectrometry.
Introduction
The plant kingdom provides an extensive reservoir of natural products. Taxoids are group of naturally occurring diterpenoids which have attracted the attention of many chemists all over world since the discovery of paclitaxel (Taxol), the first promoters of tubulin polymerization in the war against cancer. The collection of a large amount of needles of Taxus canadensis enabled the characterization of many minor taxanes with unusual skeletons [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This small bush has been shown to have a distinct composition quite different from the Pacific or European yews. The discovery of an abundant taxane, 9-dihydro-13-acetylbaccatin III [12, 13] , and its conversion to the anti-cancer drug paclitaxel (Taxol) [14] emphasized its specificity. Phytochemical investigation found that this major taxane could be rearranged under acidic or basic conditions [15] [16] [17] . Previous studies have tried to explain the bioactivities of taxuspine D and taxagifine (two taxinine derivatives) by molecular modeling studies [18] [19] [20] . A number of less polar analogs were described in earlier publications [21] [22] [23] . We have investigated rooted cuttings of Taxus cuspidata hoping to get insights into the biosynthesis of taxanes. However, our result showed a completely different composition of taxanes in rooted cuttings with no correlations with the biosyntheses of taxanes from mature plants [3] . In the present work, we report the isolation and structural elucidation of two new taxane glycosides isolated for the first time from this species. These compounds were isolated from polar fractions from methanolic extraction of dried needles of the Canadian yew, T. canadensis.
Results and discussion

Isolation and structure elucidation of 1
A methanolic extract of the needles of T. canadensis was purified as described in Section 3. Two pure taxane glycosides (1, 2) were obtained as shown in Fig. 1 .
Taxane 1 was obtained as colorless amorphous solid in a very small yield from air-dried needles of the Canadian yew. The molecular composition of 1, C 37 H 56 O 14 , was established from the combined analysis of high-resolution fast atom bombardment mass spectrometry (HR-FAB-MS) and 2D NMR spectral data. The 1 H NMR spectrum of 1, shown in Table 1 , exhibited three-proton signals due to the four tertiary methyl groups at δ H = 1.21, 1.69, 2.10 and 0.85 ppm, two of which were correlation spectroscopy (COSY)-correlated peaks as geminal methyls (Me-16 and Me-17), and three acetoxy groups at δ H = 2.15, 1.99 and 1.96 ppm, which were confirmed by the observation of the signals at δ C = 20.9, 19.6 and 20.3 ppm, and the corresponding carbonyl carbons at δ C = 168.6 and 169.5 and 168.8 ppm in the 13 C NMR spectrum. These findings suggested that 1 had a taxane-type core skeleton [6] [7] [8] . Indeed, the heteronuclear multiple-bond correlations (HMBC) from H 3 -C(18) to C(11), C(12), C(13); and H 3 -C(16) and H 3 -C(17) to C(1), C(11), C(15); and H 3 -C(19) to C(3), C(7), C(8), C(9) revealed that Me-18 was attached to C(12) whereas Me-16 and Me-17 were attached to C(15) and Me-19 was attached to C(8), implying that 1 has a regular 6/8/6 ring system (Fig. 2) . The connectivities of the protons on the skeleton of 1 were determined by the analysis of the 1 13 C NMR spectrum are characteristic of an exocyclic methylene with a C(3) ring junction proton in a taxa-4(20),11-diene [6, 7] . Using H-C(3) as a reference, the connectivities from C(3) to C(2) to C(1) to C (14) to C(13) were deduced from the 1 H-1 H COSY spectrum. The signal at δ H = 5.38 ppm (1H, dd, J = 6.6, 2.3 Hz) was attributed to H-C(2); the chemical shift indicated that an acetyl group was positioned at C(2). This was confirmed by the observation of the HMBC from H-C(2) to the carbonyl group at δ C = 168.8 ppm. The signal at δ H = 5.01 ppm (1H, dd, J = 9.4, 4.8 Hz) was assigned to H-C (14) and suggested that a side chain was attached to C (14) . Indeed, a detailed analysis of the 1 H-1 H COSY spectrum revealed a 3-hydroxy-2-methylbutanoyl group in taxane 1. This moiety has been found in several natural taxane analogs [6] [7] [8] . Attachment of the 3-hydroxy-2-methylbutanoyl group at C(14) was deduced from a long-range correlation from H-C(14) to C(1′) (δ C = 173.3 ppm) in the HMBC experiment. The similarity of the NMR data of the 3-hydroxy-2-methylbutanoyl group with the known taxanes reveals the configuration of C(2′) to be R [6-8, 24, 25] . The signal at δ H = 5.25 ppm (1H, m) was assigned to H-C(5). The chemical shifts of H-C(5) and C (5) suggested that an acetyl group was attached to C(5). Similarly, using H-C(5) as a starting point, the spin system derived from C(5) to C(7) through C(6) was readily interpreted from the analysis of the 1 H-1 H COSY spectrum. The signal at δ H = 5.30 ppm (1H, dd, J = 12.3, 5.7 Hz), which showed long-range correlations with C(9), C(12) and C(15) in the HMBC spectrum, was attributed to H-C(10). Taxanes with oxygen substitutions at C(2), C(5), C(10) and C(14) have a downfield chemical shift for C(1) (δ C = 59.3 ppm), a rather unusual chemical shift value for a non-oxygenated methine in the 13 C NMR spectrum [6, 7] . Additionally, an anomeric carbon signal at δ C = 98. The coupling constant J = 7.7 Hz of the anomeric proton H-C(1″) indicated that this moiety was connected to the aglycon via a β-linkage (J = 6-8 Hz) [26, 27] . The anomeric proton H-C(1″) showed a long-range correlation with C(10). In addition, H-C(10) was correlated to C(1″) in the HMBC experiment, establishing that the glucose unit was attached to C (10) . The orientations of the substituents on the taxane skeleton were confirmed by the coupling constants in the 1 H NMR and the correlations in the nuclear Overhauser effect spectroscopy (NOESY) experiment. The remaining acetyl group was positioned at C(6″) of the glucose residue as indicated by the chemical shifts of Hα-C(6″) and Hβ-C(6″) of the glucose moiety, which was further confirmed by the long-range H-C correlation of Hα-C(6″) to the carbonyl carbon at δ C = 169.5 ppm in the HMBC experiment. The NOE correlation (Table 2) showed the characteristic signals of C(14) substituted taxanes, H-C(2) and H-C(10) resonating as doublets of doublet; C(1) had an unusual downfield shift at δ C = 60.5 ppm, and C(14) appeared in the range of oxygenated carbon at δ C = 71.9 ppm. The NMR data for the glucose unit are similar to those of 1. The main difference is the presence of a C(14) acetyl group instead of the 3-hydroxy-2-methylbutanoyl group in 1, and the chemical shift of Hα-C(6′) and Hβ-C(6′) in the glucose residue shifted to the upfield indicated that the acetyl group on the OH-C(6) of the glucose was removed. The sugar residue on C(10) in 2 is confirmed by the HMBC of H-C(10) to C(1′) and H-C(1′) to C(10). The β-configuration of the glucose unit was determined by the coupling constant (J = 7.7 Hz) of the anomeric proton H-C(1′) [26, 27] . The NOESY correlations showed the same relative orientations as in taxanes 1. Therefore, the structure of 2 is 2α,14β-diacetoxy-10β-(β-d-glucopyranosyl)oxytaxa-4(20),11-dien-5β-ol, the 5-de-O-acetyl derivative of the taxane isolated from T. canadensis [5] . The NMR spectral data in CDCl 3 are also shown in Table 3 . 
Structure elucidation of 2
Experimental section
Plant material
The needles of T. canadensis Marsh were collected in September 1997 at St-Jean, Quebec, Canada. Several specimens (under accession voucher number lz97-03) have been deposited in the herbarium of the Montreal Botanical Garden, Montreal, Canada.
Extraction and isolation
Air-dried needles of T. canadensis were ground (4.0 kg) and extracted with 24 L of methanol for 1 day at room temperature. The ground plants were filtered and extracted again with fresh solvent for another three times (each time with 8 L solvent, total 24 L) in 3 days. The combined organic extracts were evaporated under reduced pressure. Water (3 L) was added and lipids were removed by stirring the mixture with hexane (3 × 3 L). The hexane fraction was condensed into 1500 mL and extracted with 80 % methanol four times (each 500 mL). The 80 % methanol extract, after re-extracted with hexane two times (each 300 mL), was evaporated under reduced pressure, and 1000 mL of water was added and extracted with ethyl acetate for three times (each 700 mL). The combined ethyl acetate extracts were dried with anhydrous sodium sulfate, filtered and evaporated yielding a dark brown extract 25 g. The aqueous phase was then salted (NaCl, 200 g) and extracted with CH 2 Cl 2 (4 × 3 L). The combined CH 2 Cl 2 extracts were dried with anhydrous sodium sulfate, filtered and evaporated yielding a dark green extract 115 g. The ethyl acetate extract (25 g) was dissolved in 55 mL acetone and absorbed onto 40 g silica gel and subjected to normal phase column chromatography (silica gel 230-400 mesh, 850 g, 25 × 9 cm 2 ) with elution with a mixture of CH 2 Cl 2 and MeOH (9:1, 6:1, 5:1, 4:1, 7:3 v/v). Twenty-seven fractions were obtained (Fr E-1 to Fr E-27 ). Fr E-2 (1.9 g) was dissolved in 5 mL acetone and absorbed onto 5 g silica gel and subjected to normal phase column chromatography (silica gel 230-400 mesh, 100 g, 29 × 3 cm 2 ) and eluted with a mixture of hexane-EtOAc (600:400 mL). Twenty fractions were obtained (Fr E-2-1 to Fr E-2-20 ). Fr E-2-2 (400 mg) was subjected to preparative HPLC, eluted with a linear gradient of acetonitrile in water from 25 % to 100 % in 
